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Specification 



1. Title of the Invention 

Liquid crystal display device 

2 . Claims 

1. A liquid crystal display device comprising: 

(a) electrode lines disposed as an X-Y matrix, 

(b) a plurality of first three terminal switching elements each having 
source, drain and gate, the source being connected to the electrode line 
X, and gate being connected to the electrode line Y, respectively, and 

(c) a liquid crystal display section having a liquid crystal layer disposed 
between a plurality of pixel electrodes corresponding to the respective 
first three terminal switching elements and opposing electrodes connected 
to a liquid crystal driving power source, and conducting a matrix display 
operation based on the drain output of the three teonninal switching elements , 
wherein 

(d) each of the pixel electrodes is connected by way of a second three 
terminal switching element to a common line, and the drain of the first 
three terminal switching element is connected by way of a signal 
accumulation capacitor to a grounding line or cin adjacent gate line and 
to the gate of a second three terminal switching element, eind 

(e) an AC voltage at a phase inverse to each other can be applied to the 
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opposing electrode and the common line. 

2. A liquid crystal display device as defined in claim 1, wherein 
a dummy load having an impedance substantially equal with the impedance 
of the liquid crystal display section is inserted between the second three 
teiminal switching element and the common line. 
3. Detailed Description of the Invention 

(i) Industrial Field of Use 

The present invention relates to a liquid crystal display device. 
More in particular, it relates to an improvement for a liquid crystal 
display device capable of conducting highly fine matrix type liquid crystal 
display improved display lightness required for projection type display 
such as highly fine finder display of cameras and television sets. 

(ii) Prior Art 

Heretofore, matrix type liquid crystal display devices have been 
developed as display devices utilizing an electro-optic effect of liquid 
crystals for pixel display. The liquid crystal display device comprises, 
basically, a plurality of pixel electrodes arranged in a dot*matrix form 
and a liquid crystal layer for optically modulating an incident light in 
accordance with a voltage applied between each of the pixel electrodes 
and opposing electrodes opposed thereto. 

As the operation mode of such matrix type liquid crystal type display 
device, various modes have been developed depending on the kinds of liquid 
crystals to be sealed as the liquid crystal layer or difference of 
electro-optic characteristics thereof and they include, for example, a 
twisted nematic (TN) mode, a super twisted nematic (STN) mode, a guest-host 
(GH) mode, a dynamic scattering (DS) mode and a phase transition mode. 
Firrther , the method of individually controlling respective display pixels 
each comprising the liquid crystal layer and the pixel electrode includes. 
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for example, (1) a simple matrix system, (2) a multiple matrix system, 
(3) a system of adding a non- linear two terminal element (for example, 
diode) , and (4) a method of adding a three terminal switching element (for 
example, thin film transistor (TFT)). 

Among them, a liquid crystal display device comprising, in 
combination, an operation mode such as the DS mode [G. H. Heilmeier, et 
al.: Proc IEEE M 1162(1968)], a White'Taylor type GH mode (D. L. White 
et al.: J. Appl. Phys. A3 4718(1974)), or a cholesteric-nematic phase 
transition mode [J. J. Mysocki et al.: Proc. SID 13/2 115(1980)], and a 
display system of a TFT active matrix system has no requirement of using 
polarization filters and can improve the display lightness. 

In the liquid crystal display device of such a combination, as shown 
in Fig. 4, a so-called signal accumulation capacitor (C^) is disposed in 
parallel with a pixel electrode (C2) connected to a drain electrode of a 
TFT, and the capacity of the capacitor (CJ is made larger to improve the 
charge holding function. 

However, even by the use of such a signal accumulation capacitor, 
there is a limit, in principle, for preventing lowering of the charge 
holding function. Further, in a highly integrated matrix display device, 
provision of the signal accumulation capacitor of a sufficient electric 
capacity to each of a plurality of TFT(s) increases a load on a source 
driver, a source pass line or a switching TFT, and it is difficult in view 
of restriction of area or manuf actxxring technique. 

For the solution of the foregoing problems, the present applicant 
has already filed a novel TFT active matrix type liquid crystal display 
device capable of preventing undesired effects on the display operation 
caused by discharges even in a case of using a liquid crystal layer with 
low specific resistivity and thereby capable of attaining a high display 
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lightness without using polarization filters (Japanese Patent Application 
1-95581). 

(Ill) Subject to be Solved by the Invention 

The present Invention Intends to further Improve the liquid crystal 
display device of the above-mentioned application and provide a TFT active 
matrix type liquid crystal display device having a driving system suitable 
to display of Images Including Intermediate tones. 
(Iv) Means for the Solution of the Subject 

In according with the present Invention, there Is provided a liquid 
crystal display device comprising: (a) electrode lines disposed as an X-Y 
matrix, (b) a plurality of first three terminal switching elements each 
having source , drain and gate , the source being connected to the electrode 
line X, and gate being connected to the electrode line Y, respectively, 
and (c) a liquid crystal display section having a liquid crystal layer 
disposed between a plurality of pixel electrodes corresponding to each 
of the first three terminal switching elements and opposing electrodes 
connected to a liquid crystal driving power source, and conducting a matrix 
display operation based on the drain output of the three terminal switching 
elements, wherein (d) each of the pixel electrodes is connected by way 
of a second three terminal switching element to a common line, and the 
drain of the first three terminal switching element is connected by way 
of a signal accumulation capacitor to a grounding line or an adjacent gate 
line and to the gate of a second three terminal switching element, and 
(e) an AC voltage at a phase inverse to each other can be applied to the 
opposing electrode and the common line. 

That is, the feature of the present invention resides in a liquid 
crystal display device having a novel driving system having a sample hold 
circuit comprising a thin film transistor and a signal accumulation 
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capacitor on every pixel in which a DC component is not applied to the 
liquid crystal layer. 

By the way, in general field effect transistors, it is customary 
to call an electrode on the carrier supplying side as a source and an 
electrode on the carrier discharging side as a drain. In the thin film 
transistor of the liquid crystal display device according to the present 
invention, however, since the structure for source and drain is symmetric 
as described later and current is supplied between the channel in both 
directions , so that they can not be distinguished by the customary terms . 
Then, in the specification of the present application, one of the electrodes 
nearer to the supply source of signals or driving voltage is called as 
a source and the other of them is called as a drain in the following 
explanat ion . 

The liquid crystal display device according to the present invention 
(hereinafter referred to as a device of the invention) is most effective 
in a case combined with an operation mode such as the DS mode, GH mode 
or cholesteric-nematic phase transition mode, which does not use 
polarization filters but uses a liquid crystal layer of low specific 
resistivity containing ionic impurities for utilizing the liquid crystal 
electro -optical effect thereof for light absorption or light scattering 
characteristics to the display, and a combination with a projection type 
liquid crystal display device is a further preferred embodiment. 

In particular, according to the device of the present invention, 
undesired effects on the display device caused by electric discharge can 
be prevented even in a case of using a liquid crystal layer of higher 
conductivity than usual and particularly, a liquid crystal layer of low 
specific resistivity of 10^ Qm or lower. Accordingly, in the device of 
the present invention, it is a preferred embodiment of using a liquid 
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crystal of low specific gravity of 10^ Qm or lower. 

As the materials for the electrode lines in the device of the present 
invention, usual wiring materials such as ITO, Al, Ti, Ni, W, Mo, Cr, 
p-Si(n*) (polycrystal silicon) can be used, and insulation films such as 
made of SiO^,, SiN^,, Ta^O^ or AI2O3 is used for the intersections of the 
electrode line to prevent short-circuit. 

In the device of the present invention, a thin film transistor (TFT) 
is, for example, suitable as the first cind the second three terminal 
switching elements and a capacitor element used in usual active matrix 
systems can also be applied to the signal accumulation capacitor. 

For example, as the first and the second three terminal switching 
elements, a TFT comprising, for example, a-Si (amorphous silicon) p-Si, 
Si crystal, CdSe, GaAs and GaP can be used. Further, a so-called MOS type 
transistor array using an Si substrate is also applicable as a reflection 
type device. As a concrete example of the signal accumulation capacitor, 
those formed by using the same conductor as the wiring material described 
above for the electrodes and the same material as the intersection 
insulation material for the insulator are suitable. However, another 
electrode of the signal accumulation capacitor may be connected with an 
adjacent gate electrode instead of connection with the ground line. 
Further, it is not always necessary that the signal accumulation capacitor 
is disposed as a device separate from the three terminal switching element , 
but it may be formed by utilizing the capacitance component incorporated 
in the three terminal switching element, namely, by utilizing the stray 
capacitance thereof . 

For example, the TFT described above can be formed in accordance 
with the method as described in JP-A-58-147069 . 

Further, for the pixel electrodes and the opposing electrodes 





3-77922 



constituting the liquid cxystal display section ^ a transparent electrode 
(for example, SnOj-doped InaOa film simply referred to as ITO, or SnOa film 
known under the trade name of NESA) is used to at least one of them, and 
a metal electrode such as made of Al or Au is used for the other of them 
in a case of a so-called reflection type display device. 

In the liquid crystal display section in the device of the present 
invention, the liquid crystal layer may be constituted with a material 
of low specific resistivity containing ionic impurities with no troubles 
at all, and the constitution is selected properly in accordance with the 
operation mode. For example, in a case of applying the DS mode, a nematic 
compound having neutral or weakly positive dielectric anisotropy or weakly 
negative dielectric anisotropy and ionic impurities are used. The nematic 
compound can include, for example: 



(where R, R' each independently represents a C3-C8 alkyl group: X represents 
a hydrogen atom or a fluorine atom) . For the liquid crystal layer, it is 
preferred to use a mixed liquid crystal composition containing such nematic 
compounds, and having a negative dielectric anisotropy and a positive 
conductive anisotropy as an entire system. On the other hand, the ionic 
impurities can suitably include compounds, for example: 
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(where m is an integer of 1 to 16, and and each represents a hydrogen 
atom, a methyl group or a benzyl group) (Minesaki et al . : Society of Applied 
Physics, Spring Lecture Meeting (1979), 30P-B-13), 

In a case of the White* Tailor type GH mode, those comprising a 
cholesteric liquid crystal compound having a positive dielectric 
anisotropy, or a nematic liquid crystal compound having a positive 
dielectric anisotropy and an optical active compound can be mentioned. 
In this mode , the dichroic dye used can include generally the following 
azo dye: 

or anthraquinone dye as described in the literature by T. Uchida [T. Uchida 
et al. : Mol. Cryst and Liq. Cryst. £^ 19(1981) ], and fluorescent dyes such 
as cumarin type dyes and like other dyes are also applicable in addition 
to the dyes described above. 

In the device of the present invention, the second three terminal 
switching element is connected at the source thereof with a common line. 
That is, since the potentials at the source and the drain are in a 
positive-to-negative symmetry with respect to the potential at the mid 
point of the channel in the three terminal switching element by such a 
connection, it conducts operation in a positive- to -negative symmetry when 
potentials are replaced between the soiorce and the drain. 

In the present invention, an AC voltage is applied to the common 
line at a phase inverse to that at the opposing electrode. The AC voltage 
at the inverse phase means an AC voltage having an identical amplitude 
and an inverse phase with respect to the voltage applied to the opposing 
electrode. That is, when the AC voltage at the inverse phase is applied 
to the common line, the relation of the potential at the respective 

8 
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electrodes of the second three terminal switching element are substantially 
in symmetry for the positive and the negative polarity of the opposing 
voltage and, accordingly, the impedance of the three terminal switching 
element has a constant value irrespective of the polarity of the opposing 
voltage and the voltage applied to the liquid crystal layer in the liquid 
cjrystal display section can be in the positive-to-negative symmetry. 

Fxirther, in the present invention, the symmetry can further be 
improved by inserting a dummy load about identical with the liquid cirystal 
layer between the drain of the second three terminal switching element 
and the common line, 
(v) Function 

By the drain output from the first three terminal switching element 
selected by the electrode lines X and Y, [I] electric charges are 
accumulated in the signal accumulation capacitor, and [II] a voltage 
applied to the gate of the second three terminal switching element to 
establish a closed circuit and apply a voltage from the liquid crystal 
driving power source to the corresponding pixel electrode portion in the 
liquid crystal display section thereby conducting display operation. 

In this case, since the electrode lines X and Y are selected by 
scanning under a constant short frame frequency, the output period of the 
first three terminal switching element is extremely short with respect 
to one pixel electrode . 

However, since the signal accumulation capacitor is provided, a 
voltage is applied to the gate of the second three terminal switching 
element also after the first three terminal switching element have been 
turned OFF till new signal charges are accumulated in the next field to 
keep the ON state. Then, since the charges accumulated in the signal 
accumulation capacitance are disconnected by way of the second three 
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terminal switching element from the liqpiid crystal display section, 
consumption due to discharge is not caused substantially and the charge 
holding time is also extended compared with the prior art. That is, this 
operates as a sample hold circuit. 

On the other hand, in the state where the ON state of the second 
three terminal switching element is kept, since charges are supplied 
continuously from the liquid crystal driving power source even if discharge 
is caused in the liquid crystal layer, no undesired effects by the discharge 
are caused. 

Further, in the device of the present invention, the following 
driving conditions are selected when binary display, namely, black and 
white display is conducted. That is, assuming the state of applying the 
voltage to the liquid crystal layer as ON and the state of not applying 
the voltage as OFF, the level for the signal voltage supplied to the 
first switching element is selected such that the impedance Z^^of the second 
switching element is sufficiently lower than the impedance of the liquid 
crystal layer in the ON state and, vice versa, in the OFF state. An AC 
voltage Vc is applied to the opposing electrode, because the application 
of a DC voltage would cause electrolysis of liquid crystals or corrosion 
of electrodes . The AC voltage Vc applied to the opposing electrode is 
divided by the impedance Z^c of the liquid crystal layer and the impedance 
Zs„ of the switching element. If both of them satisfy the conditions 
described above, the voltage V^c applied to the liquid crystal layer is 
substantially equal with the voltage Vc applied to the opposing electrode 
in the ON state, whereas the voltage is not substantially applied to the 
liquid crystal layer in the OFF state. In this case, the voltage V^c applied 
to the liquid crystal layer is substantially in a positive- to-negative 
symmetry and the DC component is negligibly small. 

10 
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Further, in the device of the present invention, the second switching 
element is connected at the source side to the common line and the potentials 
at the source cind the drain of the switching element are in the 
positive-to-negative symmetry with respect to the potential for the mid 
portion of the channel. Accordingly, if the voltage applied to the common 
electrode and the opposing electrode is inverted, the operation point does 
not change. Accordingly, the impedance (Z^) of the switching element is 
constant, and the impedance (Z^c) for the liquid crystal layer is also made 
constant as s irrespective of the polarity of the AC voltage applied 
to the opposing electrode in this case. Accordingly, when an AC voltage 
of an amplitude Vc is applied to the opposing electrode and a voltage having 
the same amplitude and inverse at the phase is applied to the common 
electrode, the potential relation between each of the electrodes of the 
second switching element is substantially in symmetry between the case 
where the polarity of Vc is positive and the negative, and Z^^ is 
substantially equal. Accordingly, the voltage applied to the liquid 
crystal layer is substantially in a positive-to-negative symmetry. 

The present invention will be explained more specifically by way 
of examples but the invention is not restricted by them, 
(vi) Example 

Fig. 1 is an equivalent circuit diagram showing a constitution for 
one display unit of a matrix in a matrix type liquid crystal display device 
as an example of the present invention. 

In the drawings, X^, Xj, represent data signal pass lines 

(electrode lines X) in the X-Y matrix electrodes and Y^, represent 

scanning signal pass lines (electrode lines Y) thereof, respectively, in 
which intersections of them( address) are isolated by an insulation film. 
A first thin film transistor (TFTJ is disposed to the vicinity of each 
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intersection and the gate thereof is connected to the electrode line Y 
(Yi) and the source thereof is connected to the electrode line X (X^) , 
respectively. Then, as shown in the figure, the drain line of the TFT^ 
is connected to the gate of the second thin film transistor (TFTJ and a 
capacitor (Ci) as a signal accumulation capacitor is connected to the midway 
thereof . 

On the other hand, the source of the TFTj is connected to one of pixel 
electrodes (a) in the liquid crystal display section (CJ in which a liquid 
crystal layer is disposed between a plurality of pixel electrodes (a) and 
opposing electrodes (b) , and the opposing electrode (b) is connected to 
the liquid crystal driving AC power source (Vc) . 

In the drawing, E represents a grounding line, to which one end of 
the capacitor (CJ is connected. In the drawing, F represents a common 
line to which the drain of the TFTj is connected. 

A DS mode -project ion type active matrix liquid crystal display device 
without using polarization filters was constituted under the following 
conditions by adopting the circuit constitution described above. 

1) Liquid crystal display method : projection type 

2) Light source : metal halide lamp 

3) Panel size : 3"; diagonally 

4) Number of panel pixels : 240 x 384 dots 

5) Panel substrate : Corning 7059 glass l.lt 

6) TFTi, TFTj: amorphous silicon TFT; 

gate material: Ta, gate oxide film: Tsl^O^/SLN^, 

semiconductor material: a-Si by P-CVD, 

source drain material: n*a-Si/Ti laminate layer film 

7) Ci : Ta/TajOs • SiN^/Ti 

8) C2 : ITO/ liquid crystal/ ITO 

12 
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{l\m plastic beads spacer, used for 
liquid crystal layer thickness) 

9) Liquid crystal layer: mixed liquid crystal comprising: 

10) Ionic impurity: c,«H„rH<cM,)t-coc©^* o.s .t/« 

11) Driving AC voltage: 60 Hz rectangular wave; ±7.5 V 

The specific resistivity (p) of the liquid crystal layer is 10^ Qm, 
the pixel area (S) : 100 ^m- square = 10"W and the thickness of the liquid 
crystal layer; (d) = 7 nm and, accordingly, the resistance value of the 
liquid crystal per one pixel; 

- (p • d)/S = 7 x lO'Q. 

In such a device, the TFT^ and the signal accumulation capacitor (CJ 
serve as a sample hold circuit and the TFTj serves as a current control 
device (a sort of buffer transistor) for applying a liquid crystal driving 
AC voltage to the liquid crystal layer at a predetermined position of the 
liquid crystal display section (CJ . 

In this constitution, since the capacitor C^ is connected to the gate 
of the high impedance TFT2 but not connected directly to the liquid crystal 
display section (C2) , it is less discharging and charges accumulated therein 
act to keep the TFTj at the ON state for a longer time compared with the 
prior art even after the TFT^ has been turned to the OFF state. 

Accordingly, also in a case of using a liquid crystal layer with 
low specific resistivity and easily discharging, it is possible to prevent 
the phenomenon that the TFT2 is turned OFF by discharge within a shorter 
period of time than the required time (frame frequency period) , so that 
desired matrix display operation of the liquid crystal can be conducted. 

Further, in the drawing device described above, a voltage V^' having 

13 
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the same amplitude and the inverse phase with respect to the AC voltage 
Vc applied to the opposing electrode is applied to the common line F. By 
such a driving method, the operation of the TFTj is substantially in symmetry 
when Vc is positive and negative. 

Fig. 2 shows another example of the invention. The difference with 
respect to the example described above is that one of the electrodes of 
the capacitor is defined as an adjacent gate line. With such a 
constitution, the grounding line can be saved. 

When display was conducted on a screen by the liquid crystal display 
device described above, it was possible to obtain display at a brightness 
about twice as high as the conventional TN mode (100 fL) (compared in a 
white display state) by using an identical light source. 
Example 2 

In the equivalent circuit shown in Fig. 1 for the liquid crystal 
display device of Example 1 , a liquid crystal display devices is constituted 
by further inserting a dummy load (Z^) between the common line and the drain 
of the TFTi- 

For the dummy load (Z^), a non-doped a-Si film (film thickness d = 
28 nm, specific resistivity p = lO^Qm is sandwiched between the drain of 
the TFTi and the common line. Since the area (S') for overlapped portion 
of them is defined as 20 ^m square, the resistance value is : R' = 7 x lO^Q. 

Positive-to-negative symmetry upon driving is further improved by 
disposing the dummy load having a resistance value equal with that of the 
liquid crystal layer between the drain electrode and the common line, by 
which flicker was reduced to such a level as not visually recognized, 
(vii) Effect of the Invention 

According to the liquid crystal display device of the present 
invention, application of the voltage to the liquid crystal layer can be 
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ensiired In view of time and an intended liquid crystal matrix display can 
be conducted even in a case of using a liquid cirystal layer of low specific 
resistivity and having no substantial charge holding function. 

Accordingly, it is possible to conduct an active matrix display at 
an ideally high display lightness by adopting the DS mode, the white tailor 
type GHmode or the like capable of gradation display, high contrast display 
and high speed response display without using polarization filters, as 
the electro -optic mode of the liquid crystal. 

Further, also in a case of intermediate tone display, the voltage 
applied to the liquid crystal display section is in the positive- to - 
negative symmetry, the DC component is reduced to a negligibly small level, 
occurrence of flicker, electrolysis of liquid crystals and corrosion of 
pixel electrodes can be suppressed to obtain satisfactory display quality 
and high reliability. 

Then, the liquid crystal display device of the present invention 
is particularly effective as a light bulb for a projection type display 
device requiring to satisfy a high temperature operation and a high light 
utilizing efficiency together, but it can be utilized effectively also 
to highly fine display for outdoor use, for example, VTR monitors, LCTV 
and view finders, as well as it is also suitable to the application for 
vehicle mounted or aircraft display. Furthermore, it is applicable not 
only to the transmission type but also to the reflection type display 
device . 

4. Brief Description of the Drawings 

Fig. 1 is an equivalent circuit diagram of one display unit in a 
liquid crystal display device of an example according to the present 
invention. Fig. 2 is an equivalent circuit diagram of another example. 
Fig. 3 is an equivalent circuit diagram of a further example of the present 
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invention, and Fig. 4 is a view corresponding to Fig. 1 showing one display 
unit of an existent liquid crystal display device. 



Xi , X2 ... electrode line X 

Yi , Y2 ... electrode line Y 

TFTi . . . first thin film transistor 

TFT2 . . • second thin film transistor 

Ci ... capacitor (signal accumulation capacitor) 

C2 . . - capacitance of a liquid crystal display section 

a ... pixel electrode 

b ... opposing electrode 

Vc' ... AC power source 
E ... grounding line 
F ... common line 
Zjj ... dummy load 
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